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7KHWK,QWHUQDWLRQDO&RQIHUHQFH,QWHUGLVFLSOLQDULW\LQ(QJLQHHULQJ,17(5(1*
63($5$V\VWHPDWLFDSSURDFKIRUFRQQHFWLRQSDWWHUQEDVHG
DQRPDO\GHWHFWLRQLQ6&$'$V\VWHPV
'RULQ$GULDQ5XVXD%pOD*HQJHE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E-RLQW5HVHDUFK&HQWUH9LD()HUPL,VSUD,WDO\
$EVWUDFW
7KHDGRSWLRQRIRSHQDQGZLGHO\XVHG VWDQGDUGV OHG WR DQ LQFUHDVH LQ WKHJUDGHRI H[SRVXUHDQGYXOQHUDELOLW\ LQ6XSHUYLVRU\
&RQWURO DQG 'DWD $FTXLVLWLRQ 6&$'$ V\VWHPV 7KHUHIRUH WKH GHYHORSPHQW RI QRYHO $QRPDO\ 'HWHFWLRQ 6\VWHPV $'6V
VSHFLILFDOO\ IRU6&$'$V\VWHPV LV UHFHLYLQJDFRQVLGHUDEOHDWWHQWLRQ IURP WKH VFLHQWLILFFRPPXQLW\7KLVSDSHUJRHVEH\RQG
H[LVWLQJSURSRVDOVDQGSURYLGHVQRWRQO\DQRYHO$'6EXWDOVRDQRYHOPHWKRGRORJ\IRUDXWRPDWLFDOO\FRQILJXULQJ6QRUWEDVHG
$'6VGHSOR\HGLQ6&$'$V\VWHPV7KHPHWKRGRORJ\LQFOXGHVDJUDSKLFDOLQWHUIDFHDIRUPDOODQJXDJHDQGVKHOOVFULSWVXVHG
WRPRGHO6&$'$WRSRORJLHVDQG WRDXWRPDWLFDOO\JHQHUDWH$'6UXOHV7KHDSSURDFKLVYDOLGDWHG WKURXJKVHYHUDOH[SHULPHQWV
DQGVKRZVJRRGSHUIRUPDQFHZLWKODUJHWRSRORJLHVLQYROYLQJ/$1VKRVWVDQG$'6V

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6XSHUYLVRU\&RQWURODQG'DWD$FTXLVLWLRQ6&$'$V\VWHPVDUHUHDOWLPHV\VWHPVXVHGLQYDULRXVLQGXVWULHVWR
PRQLWRUDQGFRQWUROGLIIHUHQWW\SHVRISK\VLFDOSURFHVVHV8VXDOO\IRXQGLQLQGXVWULDOLQVWDOODWLRQVVXFKDVWKHSRZHU
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LQGXVWU\ZDWHUGLVWULEXWLRQDQGRLOUHILQHULHV6&$'$V\VWHPVLPSURYHSHUVRQQHOVDIHW\UHGXFHRSHUDWLRQFRVWVDQG
FDQ LPSOHPHQW PRUH HIILFLHQW FRQWURO SDUDGLJPV >@ :LWK WKH DGRSWLRQ RI &RPPHUFLDO 2II7KH6KHOI &276
KDUGZDUHDQGVRIWZDUH>@6&$'$V\VWHPVKDYHEHFRPHPRUHFRVWHIIHFWLYHDQGRSHQHGWRFRPPXQLFDWLRQVZLWK
UHPRWHVWDWLRQV:KLOHWKHFRPPHUFLDODGYDQWDJHVRI&276DUHXQGLVSXWDEOHWKHODFNRISURSHUO\DGDSWHGVHFXULW\
PHFKDQLVPVRSHQHGQHZZD\VIRUDWWDFNHUVWRGHWHULRUDWHRULQFDSDFLWDWHWKHPRQLWRUHGSURFHVV>@OHDGLQJ
WRQXPHURXVSRVVLEOHFRQVHTXHQFHVLQFOXGLQJWKHORVVRIKXPDQOLIH
:LWKWKHLQFUHDVHRIPDOZDUHDQGPRUHVRSKLVWLFDWHGDWWDFNVRQ6&$'$V\VWHPV>@WKHGHYHORSPHQWRIQRYHO
$QRPDO\ 'HWHFWLRQ 6\VWHPV $'6V LV UHFHLYLQJ D FRQVLGHUDEOH DWWHQWLRQ 8QOLNH WUDGLWLRQDO ,QWUXVLRQ 'HWHFWLRQ
6\VWHPV,'6VZKLFKUHTXLUHWKHSUHVHQFHRIDQXSWRGDWHGDWDEDVHRIVLJQDWXUHV$'6VIRFXVRQWKHGHWHFWLRQRI
DEQRUPDOEHKDYLRU,QW\SLFDO,QIRUPDWLRQDQG&RPPXQLFDWLRQ7HFKQRORJ\,&7V\VWHPV$'6VDUHNQRZQWRKDYH
DKLJK IDOVHSRVLWLYH UDWHGXH WRG\QDPLF WUDIILFDQGXQSUHGLFWDEOHEHKDYLRU1HYHUWKHOHVV VLQFH6&$'$V\VWHPV
H[KLELWDVWURQJO\SUHGLFWDEOHEHKDYLRUWKHXVHRI$'6VIRUGHWHFWLQJDEQRUPDOSDWWHUQVEHFRPHVZHOOVXLWHG>@7R
DGGUHVV WKHVH LVVXHV LQ WKLV SDSHU ZH SURSRVH 63($5 D 6\VWHPDWLF D3SURDFK IRU FRQQ(FWLRQ S$WWH5QEDVHG
DQRPDO\GHWHFWLRQLQ6&$'$V\VWHPV7KHDSSURDFKEXLOGVRQWKHDVVXPSWLRQWKDWW\SLFDO6&$'$V\VWHPVH[KLELW
ORQJODVWLQJ FRQQHFWLRQ SDWWHUQV ZKLFK DUH ZHOO GRFXPHQWHG >@ &RQVHTXHQWO\ ZH SURSRVH D FRPSUHKHQVLYH
PHWKRGRORJ\ WKDWFRPSULVHVDOO WKHQHFHVVDU\VWHSVUHTXLUHG WRPRGHO WKH6&$'$WRSRORJ\DQG WRJHQHUDWH$'6
UXOHVIRUGHWHFWLQJEHKDYLRUWKDWFURVVHVWKHERXQGDULHVRIWKHVHSDWWHUQV7KHPHWKRGRORJ\LQFOXGHVDQH[WHQVLRQRI
WKH1HWODEFOLHQW >@ZKLFK LVXVHG WREXLOG WKH6&$'$QHWZRUN LQDXVHUIULHQGO\JUDSKLFDO LQWHUIDFHD IRUPDO
ODQJXDJHEDVHGRQQV>@WRPRGHOWKHQHWZRUNWRSRORJ\DQGDVKHOOVFULSWWRSURFHVVWKHQVWRSRORJ\ILOHDQG
WR JHQHUDWH FRQILJXUDWLRQ ILOHV IRU VHYHUDO 6QRUWEDVHG $'6V $OWKRXJK WKH FXUUHQW LPSOHPHQWDWLRQ DVVXPHV WKH
SUHVHQFH RI 6QRUWEDVHG >@ GHWHFWLRQ HQJLQHV DV IXWXUH LPSURYHPHQWV ZH IRUHVHH WKH LQFOXVLRQ RI RWKHU $'6
HQJLQHVDVZHOO
7KHSDSHU LVRUJDQL]HGDV IROORZV6HFWLRQSURYLGHVDEULHIRYHUYLHZRI UHODWHGZRUNDQG WKHPRWLYDWLRQ IRU
FKRRVLQJWKLVWRSLF6HFWLRQGHVFULEHVWKHSURSRVHGPHWKRGRORJ\DQGWKHVWHSVWDNHQWRZDUGDFKLHYLQJLW6HFWLRQ
SUHVHQWVH[SHULPHQWDOUHVXOWVWKDWYDOLGDWHWKHSURSRVHGPHWKRGRORJ\7KHSDSHUFRQFOXGHVLQ6HFWLRQ
5HODWHGZRUN
$OWKRXJK DQRPDO\GHWHFWLRQ LV DZHOOHVWDEOLVKHG ILHOGRI UHVHDUFK FRQQHFWLRQSDWWHUQEDVHG$'6VKDYHEHHQ
RQO\UHFHQWO\SURSRVHGIRU6&$'$V\VWHPV,QWKLVVHFWLRQZHSURYLGHDQRYHUYLHZRIWKHPDLQDQRPDO\GHWHFWLRQ
WHFKQLTXHVIRU6&$'$V\VWHPVDYDLODEOH LQ WKH OLWHUDWXUH7KHSUHVHQWDWLRQIRFXVHVRQDSSURDFKHVDGGUHVVLQJ WKH
F\EHU GLPHQVLRQ RI 6&$'$ V\VWHPV DQG LQ SDUWLFXODU WKH FRPPXQLFDWLRQV LQIUDVWUXFWXUH )RU FRPSOHWHQHVVZH
DOVRPHQWLRQDIHZDSSURDFKHVDGGUHVVLQJWKHSK\VLFDOGLPHQVLRQ
$QH[WHQVLYHVXUYH\RIDYDLODEOHOLWHUDWXUHVKRZVWKDWWUDIILFSDWWHUQEDVHGDQRPDO\GHWHFWLRQUHVHDUFKLVVWLOOLQ
DQ HPEU\RQLF VWDWH 7KH ZRUN RI *DULWDQR HW DO >@ H[SORUHG WKH SHULRGLFLW\ RI QHWZRUN WUDIILF IURP D UHDO
6&$'$V\VWHPWRFRQVWUXFWDQHWZRUNWUDIILFSUHGLFWLRQPRGHODSSOLFDEOHWRDQRPDO\GHWHFWLRQV\VWHPV7KHZRUN
RI%DUERVDHWDO>@VKRZHGDSURPLVLQJDSSURDFKWRH[SORLWWKHSUHGLFWLYHQDWXUHRI6&$'$WUDIILFE\PHDVXULQJ
WKHSHULRGLFLW\RIWUDIILFIORZVDQGFRPSDULQJLWWRDVWRUHGYDOXH7KHDSSURDFKWKDWUHODWHVPRVWO\WRRXUVLVWKHRQH
SURSRVHGE\3OHLMVLHU >@+HUH LWZDVVKRZQ WKDWE\ LQVSHFWLQJFRQQHFWLRQSDUDPHWHUSDWWHUQVEHWZHHQFOLHQWDQG
VHUYHU VWDWLRQVZH FDQ GHWHFW DEQRUPDO FRPPXQLFDWLRQV EHKDYLRU LQ 6&$'$ V\VWHPV &RQYHUVHO\ WKH DSSURDFK
SUHVHQWHG LQ WKLV SDSHU GRHV QRW RQO\ LQFRUSRUDWH WKH LGHD RI FRQQHFWLRQ SDWWHUQV EXW LW EULQJV D FRPSUHKHQVLYH
PHWKRGRORJ\DVZHOO VLQFH LW LQYROYHV DJUDSKLFDO LQWHUIDFH WREXLOG WKH6&$'$ WRSRORJ\ D IRUPDO ODQJXDJH WR
PRGHOWKHWRSRORJ\DQGVFULSWLQJWRDXWRPDWLFDOO\JHQHUDWHUXOHVIRUGHWHFWLRQHQJLQHV
)LQDOO\ ZH PHQWLRQ D IHZ DSSURDFKHV DGGUHVVLQJ WKH SK\VLFDO GLPHQVLRQ RI 6&$'$ V\VWHPV 7KH ZRUN RI
*HQJH HW DO >@ DJJUHJDWHG HYLGHQFH IURP WKH F\EHU DQG SK\VLFDO GLPHQVLRQ RI 6&$'$ V\VWHPV WR SURYLGH D
XQLILHG YLHZ RI WKH V\VWHP 6YHQGVHQ DQG :ROWKXVHQ >@ HPSOR\HG SK\VLFDO SURFHVV PRGHOV WRJHWKHU ZLWK
DSSURDFKHV IURPIHHGEDFNFRQWURO WKHRU\ WRGHWHFWSK\VLFDODQRPDOLHV$W ODVWZHPHQWLRQ WKHZRUNRI/HYRUDWR
>@ZKLFKXQLILHGHYLGHQFHIURPVHYHUDOVPDUWJULGGLPHQVLRQVVXFKDVHQHUJ\PDUNHWVDQGZHDWKHUFRQGLWLRQV
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$V\VWHPDWLFDSSURDFKIRUDQRPDO\GHWHFWLRQLQ6&$'$V\VWHPV63($5
:H SURSRVH D V\VWHPDWLF DSSURDFK IRU DQRPDO\ GHWHFWLRQZKLFK LV EDVHG RQ FRQQHFWLRQ SDWWHUQV LQ 6&$'$
V\VWHPV63($57KHPHWKRGRORJ\VWDUWVZLWKWKHPRGHOOLQJRIWKHWRSRORJ\DQGHPERGLHVWKHDXWRPDWLFJHQHUDWLRQ
RI $'6 UXOHV 7KH DSSURDFK LQFOXGHV D JUDSKLFDO XVHU LQWHUIDFH *8, WR PRGHO 6&$'$ WRSRORJLHV 8VHUV FDQ
PRGHOW\SLFDO6&$'$QHWZRUNVFRPSULVLQJRIW\SLFDOFRPSRQHQWVVXFKDV+XPDQ0DFKLQH,QWHUIDFH+0,3/&V
DQG578V0RVWLPSRUWDQWO\WKH*8,SURYLGHVYDULRXVZD\VWRGHVFULEHWUDIILFEHWZHHQFRPSRQHQWVZKLFKLVDQ
HVVHQWLDO DVSHFW RI WKH SURSRVHG WHFKQLTXH 7KH *8, H[SRUWV WKH GHVFULSWLRQ LQWR WKH QV ODQJXDJH ZKLFK LV
DXWRPDWLFDOO\SURFHVVHGE\DVFULSWWRJHQHUDWHUXOHVVSHFLILFWR,'6VRIWZDUH
,QRUGHUWRSURYLGHDQHDV\WRXVHHUURUIUHHDQGIULHQGO\DSSURDFKIRUEXLOGLQJ6&$'$WRSRORJLHVZHH[WHQGHG
WKH1HWODEFOLHQWDVRIWZDUHVSHFLDOL]HGIRUGHVFULELQJQHWZRUNWRSRORJLHVZLWKLQWKH(PXODESURMHFW>@
7KH1HWODEFOLHQWZDVFKRVHQIRUWKLVZRUNVLQFHLWLVVXSSRUWHGE\PXOWLSOHSODWIRUPVLWZDVGHYHORSHGLQ-DYDDQG
LW DOUHDG\ LQFOXGHV W\SLFDOQHWZRUNLQJFRPSRQHQWV VXFKDV VZLWFKHVKRVWV DQGQHWZRUN WUDIILF 8'37&37KH
GHYHORSHGH[WHQVLRQVIDFLOLWDWHWKHGHVFULSWLRQRI6&$'$VSHFLILFFRPSRQHQWVDPRQJZKLFKZHPHQWLRQ0RGHP
$'6+0,3/&5786&$'$0DVWHUHWF
$W\SLFDOWRSRORJ\GHVFULSWLRQZLOOLQFOXGHDOOWKHQHWZRUNFRPSRQHQWVDVZHOODVWUDIILFEHWZHHQWKHP$EDVLF
UHTXLUHPHQWRIRXUPHWKRGRORJ\ LV WKDWXVHUVQHHG WRPDQXDOO\PRGHO$'6VDVZHOO7KHVH FDQEH FRQQHFWHG WR
VZLWFKHV VLPLODUO\DV UHJXODUQRGHVRUFDQEH³URXWHUV´EHWZHHQGLIIHUHQW/$1V7KH ILUVW FDVHDVVXPHV WKDW WKH
$'6 KDV DFFHVV WR DOO WUDIILF UXQQLQJ WKURXJK WKH VZLWFKZKLFK FRXOG EH LPSOHPHQWHG LQ SUDFWLFH WKURXJK SRUW
PLUURULQJ7KHVHFRQGFDVHDVVXPHVWKDWWKH$'6FDQDFFHVVDOOWUDIILFIORZLQJWKURXJKWKLVQRGH
2QFHWKHWRSRORJ\GHVFULSWLRQLVUHDG\WKH*8,H[SRUWVLWDVDQQVILOH7KH1HWODEFOLHQWJHQHUDWHVWKHQV
GHVFULSWLRQRIWKHWRSRORJ\ZKLFKDOVRLQFOXGHVWKH2SHUDWLQJ6\VWHP26WREHORDGHGRQHDFKKRVW7KLVLVQRW
VSHFLILFWRWKHQVODQJXDJHEXWLWZDVDGGHGDVDQH[WHQVLRQLQWKH(PXODESURMHFW,QRXUZRUNZHOHYHUDJHWKH
26IHDWXUHWRSUHORDGDVSHFLILF26IRUHDFK6&$'$FRPSRQHQW7KLVLVXVHGDVDQLGHQWLILHUODWHURQZKHUHZH
SURFHVVWKHWRSRORJ\DQGH[WUDFW$'6VIURPWKHGHVFULSWLRQRIWKHWRSRORJ\
7KH QV ILOH LV SURFHVVHG E\ DQ DOJRULWKP LPSOHPHQWHG LQ 3\WKRQZKLFKZLOO RXWSXW 6QRUW UXOHV LQ RUGHU WR
GHWHFWFRQQHFWLRQSDWWHUQEDVHGDWWDFNV7KHVFULSWH[WUDFWVWKHFRPSRQHQWVFRQQHFWLRQVEHWZHHQFRPSRQHQWVDQG
WKHOLQNVWRVZLWFKHVRUPRGHPV7KHVHDUHXVHGWRFUHDWHDJUDSKWRSRORJ\JLYHQDVDQDGMDFHQF\PDWUL[,QDQH[W
SKDVH WKHVFULSWH[WUDFWV WKHVRXUFHDQGGHVWLQDWLRQRIHDFK WUDIILFGHVFULSWLRQ%DVHGRQ WKHVH WKHDOJRULWKPWKHQ
SHUIRUPVDEUHDGWKILUVWVHDUFKWRGHWHUPLQHWKHVKRUWHVWSDWKIURPWKHVRXUFHKRVWWRWKHGHVWLQDWLRQKRVWZLWKLQWKH
JUDSK7KH$'6VIRXQGRQWKLVSDWKDUHFRQVLGHUHGDVGHWHFWLRQSRLQWVIRUWKHJLYHQWUDIILF)LQDOO\WKHDOJRULWKP
JHQHUDWHV6QRUWUXOHVIRUHDFK$'6ZKLFKZLOOHQVXUHWKDWDOHUWVDUHUDLVHGLISDFNHWVYLRODWHDVSHFLILFFRQQHFWLRQ
SDWWHUQ7KHVWHSVDUHVXPPDUL]HGLQ$OJRULWKP

$OJRULWKP*HQHUDWLQJ6QRUWUXOHVIRU6&$'$WRSRORJ\IURPQVGHVFULSWLRQ
,QSXW6&$'$WRSRORJ\LQQVIRUPDW
2XWSXW$VHWRI6QRUWUXOHV
6WHS([WUDFWFRPSRQHQWVFRQQHFWLRQVVZLWFKHVDQGPRGHPV
6WHS&UHDWHDJUDSKEDVHGWRSRORJ\JLYHQDVDQDGMDFHQF\PDWUL[
6WHS&DOFXODWHVKRUWHVWSDWKEHWZHHQHDFKSDLURIVRXUFHGHVWLQDWLRQWUDIILF
6WHS,GHQWLI\$'6VRQHDFKWUDIILFSDWK
6WHS*HQHUDWH6QRUWUXOHVIRUHDFK$'6WDNLQJLQWRDFFRXQWFRQQHFWLRQSDWWHUQV


9DOLGDWLRQDQGSHUIRUPDQFHHYDOXDWLRQRI63($5
,Q RUGHU WR HYDOXDWH WKH SHUIRUPDQFH RI WKH SURSRVHG PHWKRGRORJ\ ZH UHSURGXFHG YDULRXV VFHQDULRV
8QIRUWXQDWHO\UXQQLQJWKHWHVWVRQUHDOV\VWHPVZRXOGEHGLIILFXOWWRVFDOHLWZRXOGUHTXLUHDFFHVVWRDQLQGXVWULDO
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GHYHORSPHQWHQYLURQPHQWDQG LWFDQ OHDG WRVDIHW\ ULVNV>@)XUWKHUPRUH VLQFHPRGHUQVLPXODWRUVVXFKDVQV
>@ DQG QV >@ FDQ DFFXUDWHO\ UHFUHDWH FRQQHFWLRQVSHFLILF DVSHFWV RI QHWZRUN WUDIILF ZH KDYH DGRSWHG D
VLPXODWLRQEDVHGDSSURDFK0RUHVSHFLILFDOO\ZHEXLOWVHYHUDOZHOOHVWDEOLVKHG6&$'$WRSRORJLHVXVLQJWKH1HWODE
FOLHQWZHJHQHUDWHG WKHLU QVGHVFULSWLRQV DQGZHJHQHUDWHG6QRUW UXOHVXVLQJ WKHSURSRVHG DOJRULWKP7KHQ LQ
RUGHUWRWHVW6QRUW¶VDELOLW\WRGHWHFWDWWDFNVXVLQJUHDOWUDIILFZHOHYHUDJHGQV¶VDELOLW\WRH[SRUWVLPXODWHGWUDIILF
LQWRUHDOFDSWXUHILOHV7KHQHZO\HPHUJLQJQVFDQH[SRUWVLPXODWHGWUDIILFLQYDULRXVZD\V2QHRIWKHVHLQFOXGHV
FDSWXUH ILOHVZKLFKFRQWDLQ UHDOSDFNHWVJHQHUDWHG IURP WKHPRGHOHG WUDIILF$VVXFKZHKDYHPRGHOHG WKH WKUHH
WRSRORJLHV LQQVDVZHOO WRJHWKHUZLWKYDOLGDQGPDOLFLRXVQHWZRUN WUDIILFDQGZHKDYHH[SRUWHGWKHJHQHUDWHG
WUDIILFLQWRFDSWXUHILOHV7KHQZHUDQ6QRUWFRQILJXUHGZLWKWKHJHQHUDWHGUXOHVWRYDOLGDWHWKHJHQHUDWHGUXOHV
4XDOLWDWLYHDVVHVVPHQWRIWKHSURSRVHGDSSURDFK
7RDVVHVVWKHTXDOLW\RIWKHGHWHFWLRQEDVHGRQWKHJHQHUDWHGUXOHVWKUHHDUFKLWHFWXUHVZHUHFKRVHQIURP³*XLGH
WR,QGXVWULDO&RQWURO6\VWHPV,&66HFXULW\´>@SXEOLVKHGE\³1DWLRQDO,QVWLWXWHRI6WDQGDUGVDQG7HFKQRORJ\´
VHH)LJ7KHVHZHUHUHSURGXFHGLQWKH1HWODEFOLHQWDQGWKHQVILOHVWKDWUHVXOWHGZHUHXVHGE\WKHDOJRULWKPWR
SURGXFHVHWVRI6QRUWUXOHV


)LJ6&$'$WRSRORJLHVWDNHQIURP³*XLGHWR,QGXVWULDO&RQWURO6\VWHPV,&66HFXULW\´>@EXLOWZLWKWKHH[WHQGHG1HWODEFOLHQW
VFUHHQVKRWDWKHILUVWWRSRORJ\EWKHVHFRQGWRSRORJ\FDQGWKHWKLUGWRSRORJ\

)LJ3DFNHWDQGWUDIILFWKURXJKSXWWRJHWKHUZLWKWKHGHWHFWLRQRIDWWDFNVDV6QRUWRXWSXWIRUWKHWKUHH6&$'$WRSRORJLHV
$IWHUZDUGV WKH VDPH DUFKLWHFWXUHVZHUH UHSURGXFHG LQ QV DQG D QXPEHU RI WUDIILF JHQHUDWRUVZHUH XVHG WR
SURGXFHDSODXVLEOHWUDIILFUDWHRI0ESVIRUDGXUDWLRQRIWZRKRXUV7KHWUDIILFZDVFRPSULVHGRISHUPLWWHGDQG
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PDOLFLRXVDFFHVV7KHPDOLFLRXVWUDIILFZDVJHQHUDWHGDWUDQGRPLQWHUYDOVIRUDVKRUWGXUDWLRQRIWLPH
7KHUHVXOWVVKRZQLQ)LJLOOXVWUDWHWKHHIIHFWLYHQHVVDQGDSSOLFDELOLW\RIWKHSURSRVHGDSSURDFK7KHEXUVWVLQ
SDFNHWDQGWUDIILF WKURXJKSXWDUHFDXVHGE\PDOLFLRXVWUDIILFDQGKDYHEHHQVSHFLILFDOO\JHQHUDWHGLQWKLVRUGHURI
PDJQLWXGHWREHYLVLEOH)LJVKRZVWKDWIRUHDFKEXUVWLHHDFKWLPHWKHDWWDFNJHQHUDWHVWUDIILF6QRUWUHSRUWVWKH
GHWHFWLRQ RI DQ DWWDFN 6LQFH WKH DSSURDFK WDUJHWV FRQQHFWLRQ SDWWHUQV ZKLFK DUH ZHOONQRZQ DQG SUHGLFWDEOH LQ
6&$'$V\VWHPVWKHGHWHFWLRQUDWHLVZLWKIDOVHSRVLWLYHVDQGIDOVHQHJDWLYHV
([HFXWLRQWLPHRIWKHLPSOHPHQWHGDOJRULWKP
:HDLPWRGHWHUPLQHWKHH[HFXWLRQWLPHRIWKHDOJRULWKPZLWKODUJHUWRSRORJLHV7KHUHIRUHZHJHQHUDWHGDWRWDO
RIGLIIHUHQW6&$'$ WRSRORJLHV VWDUWLQJZLWKD WRSRORJ\RI/$1VDQGJUDGXDOO\ LQFUHDVLQJ WKHQXPEHURI
/$1VIRUHDFKWRSRORJ\E\(DFK/$1LQFOXGHGKRVWVDQGRQH$'6WKHODUJHVWWRSRORJ\LQFOXGHG/$1V
ZLWKDWRWDORIKRVWVDQG$'6V7UDIILFJHQHUDWRUVZHUHFRQILJXUHGEHWZHHQDOFRPSRQHQWVRIHDFK/$1
DQGEHWZHHQDOO/$1V7KHWHVWVWKDWZHSHUIRUPHGDLPWRVKRZWKHH[HFXWLRQWLPHRIHDFKLQGLYLGXDOVWHSRIWKH
DOJRULWKPDQGWKHWRWDOH[HFXWLRQWLPH2XUJRDOLVWRDFKLHYHDIDVWH[HFXWLRQWLPHHYHQIRUODUJHDUFKLWHFWXUHVDQGD
OLQHDU JURZWK SDWWHUQ 7KLV ZLOO HQVXUH D SUHGLFWDEOH H[HFXWLRQ WLPH ZKLFK LV SURSRUWLRQDO WR WKH QXPEHU RI
FRPSRQHQWVDQGFRPSOH[LW\RIWKHWUDIILFSDWWHUQ


)LJ±$VHOHFWLRQRIWKUHH6&$'$WRSRORJLHVXVHGLQWKHHYDOXDWLRQSURFHVVD/$1VE/$1VFDQG/$1V
)RULOOXVWUDWLRQSXUSRVHVZHLQFOXGHGDJUDSKLFDOYLHZRIWKUHHGLIIHUHQW6&$'$WRSRORJLHVRQZKLFKWHVWVZHUH
SHUIRUPHG)LJD VKRZVD WRSRORJ\ZLWK/$1V)LJ E VKRZVD WRSRORJ\ZLWK/$1VZKLOH)LJF
VKRZVWKHODUJHVWWRSRORJ\LQFOXGLQJ/$1V
7KHH[HFXWLRQWLPHRIWKHLPSOHPHQWHGDOJRULWKPLQ3\WKRQH[KLELWVDOLQHDUEHKDYLRU$VVKRZQLQ)LJWKH
VFULSWH[HFXWHVXQGHUPVIRU/$1VDQGXQGHUPVIRU/$1V)RUHDFKWRSRORJ\WKHFDOFXODWLRQRIWKH
VKRUWHVWSDWKZLWKLQWKHJUDSKLQRUGHUWRLGHQWLI\$'6VIRUZKLFKUXOHVPXVWEHJHQHUDWHGWDNHVWKHORQJHVWWLPHWR
H[HFXWHZKLOH WKH IDVWHVW WR H[HFXWH LV WKH FRQVWUXFWLRQ RI WKH DGMDFHQF\PDWUL[2YHUDOO WKH UHVXOWV DUH D FOHDU
GHPRQVWUDWLRQRIWKHDSSOLFDELOLW\RIWKHLPSOHPHQWHGDOJRULWKPWRODUJHVFDOHLQIUDVWUXFWXUHV6LQFHWKHDOJRULWKP
H[HFXWHV XQGHU PV HYHQ IRU D WRSRORJ\ LQFOXGLQJKRVWV DQG $'6VZH FDQ FRQVLGHU WKDW DGGLWLRQDO
H[WHQVLRQVHJWRVXSSRUWPRUHFRPSOH[$'6VDUHDOVRIHDVLEOH
&RQFOXVLRQV
:H KDYH GHYHORSHG D FRPSOHWH PHWKRGRORJ\ IRU DQRPDO\ GHWHFWLRQ LQ 6&$'$ V\VWHPV VWDUWLQJ ZLWK WKH
PRGHOOLQJ RI WKH WRSRORJ\ LQ WKH QV ODQJXDJH WR WKH DXWRPDWLF JHQHUDWLRQ RI 6QRUW UXOHV DQG HQGLQJZLWK WKH
VLPXODWLRQDQGYDOLGDWLRQRIWKHDSSURDFKLQQV2XUPHWKRGRORJ\DVVXUHVDQHDV\WRXVHDQGOLJKWZHLJKWVROXWLRQ
IRUGHWHFWLQJFRQQHFWLRQSDWWHUQDQRPDOLHVLQ6&$'$V\VWHPV([SHULPHQWDOUHVXOWVVKRZHGWKHDSSOLFDELOLW\RIWKH
DSSURDFK WR ODUJHVFDOH LQIUDVWUXFWXUHV DQG D OLQHDU FRPSOH[LW\ RI WKH LPSOHPHQWHG DOJRULWKP 7KH VRIWZDUH
GHYHORSHGLQWKLVZRUNH[WHQVLRQVRI1HWODELPSOHPHQWDWLRQRIWKHDOJRULWKPLQ3\WKRQHWFDUHDYDLODEOHDVRSHQ
VRXUFHDWKWWSLEVURaEHODFRQSDWKWPO
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)LJ±([HFXWLRQWLPHRIWKHLPSOHPHQWHGDOJRULWKPLQ3\WKRQIRUGLIIHUHQW6&$'$WRSRORJLHV
5HIHUHQFHV
>@ .UXW]5/6HFXULQJ6&$'$6\VWHPV:LOH\3XEOLVKLQJ
>@ =KX%6DVWU\66&$'$VSHFLILF,QWUXVLRQ'HWHFWLRQ3UHYHQWLRQ6\VWHPV$6XUYH\DQG7D[RQRP\3URF3URFHHGLQJVRIWKHVW
:RUNVKRSRQ6HFXUH&RQWURO6\VWHPV
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